A complex relationship exists between chronic kidney disease-mineral and bone disorder (CKD-MBD) and adverse outcomes among dialysis patients. This study aimed to report the prevalence of CKD-MBD and examine the impact of achieving target CKD-MBD parameters on morbidity and mortality one year after peritoneal dialysis (PD) initiation.
INTRODUCTION
Patients with chronic kidney disease (CKD) develop abnormalities in their phosphorus, calcium and intact parathyroid hormone (i-PTH) serum concentrations, resulting in CKD-mineral and bone disorder (CKD-MBD), as well as an increased risk of skeletal and cardiovascular complications.
(1,2) Several observational studies have described the association between altered mineral metabolism and mortality among dialysis patients. (3) (4) (5) In 2003, the United States' National Kidney Foundation published clinical practice guidelines through its Kidney Disease Outcomes Quality Initiative (KDOQI) for the management of CKD-MBD, proposing specific target ranges for serum calcium, phosphorus and i-PTH. (6) Patients with chronic renal failure who are initiated on peritoneal dialysis (PD) have significant morbidity and mortality. (7) (8) (9) According to the Singapore Renal Registry (SRR), in 2009, the one-year mortality rate was higher among PD patients (18.1%) than haemodialysis (HD) patients (10.9%). (7) Several prognostic factors such as older age, the presence of comorbidities (e.g. diabetes mellitus and cardiovascular disease) and low serum albumin levels have been identified as predictors of short-term mortality among PD patients. (9) Yeoh and Sivaraman reported that ethnicity, the presence of ischaemic heart disease, an abnormal two-dimensional echocardiogram, low serum albumin and elevated serum alkaline phosphatase (ALP) levels are important determinants of short-term mortality among incident PD patients in Singapore. (10) Noordzij et al conducted a study involving 586 incident PD patients from the Netherlands and observed a significant increase in cardiovascular mortality risk among incident PD patients who had phosphorus serum levels above the recommended KDOQI targets. (3) Optimal control of CKD-MBD parameters can potentially modify the mortality risk among incident PD patients and improve clinical outcomes. To investigate the importance of achieving the KDOQI targets on all-cause mortality at three years, Tangri et al conducted a study involving 4,947 incident HD patients and 2,129 incident PD patients from the United Kingdom Renal Registry. (11) In their adjusted proportional hazards model, patients who achieved the KDOQI targets in all quarters during the first year of dialysis were not found to have a survival advantage. Thus, the authors concluded that their findings did not support the use of KDOQI guidelines to achieve CKD-MBD targets. (11) In 2009, the Kidney Disease: Improving Global Outcomes (KDIGO) initiative published a guideline on the diagnosis, evaluation, prevention and treatment of CKD-MBD. (12) However,
Prevalence of chronic kidney disease-mineral and bone disorder in incident peritoneal dialysis patients and its association with short-term outcomes the majority of the published studies assessed the impact of attaining CKD-MBD targets among dialysis patients with reference to the goals in the 2003 KDOQI guidelines. (3, 4, 11) Furthermore, most of the studies did not include incident PD patients in their analyses. To the best of our knowledge, no studies to date have evaluated the clinical relevance of achieving the CKD-MBD targets in the 2009 KDIGO guidelines among PD patients.
The relationship between CKD-MBD and short-term morbidity and mortality among PD patients is unclear. In Asia, there are no studies reporting the prevalence of CKD-MBD among patients newly initiated on elective PD. The SRR reported higher proportions of prevalent PD patients with diabetes mellitus and cerebrovascular disease, which may have implications for the survival of PD patients. (7) Given the higher one-year mortality among PD patients as compared to HD patients in the Singapore population, it would be valuable to determine the association between the attainment of target CKD-MBD parameters among incident PD patients and important clinical outcomes, such as hospitalisation, peritonitis or exit-site infection (ESI) and mortality. Therefore, the present study aimed to report the prevalence of CKD-MBD among patients newly initiated on elective PD and determine whether the attainment of target CKD-MBD parameters 4-6 months after PD initiation has an effect on short-term morbidity and mortality outcomes one year after PD initiation.
METHODS
This single-centre, retrospective, observational cohort study was approved by the National Healthcare Group Domain Specific Review Board. Written informed consent was not obtained from the participants due to the retrospective nature of the study; furthermore, some patients were deceased or lost to follow-up at the time of the study. Patients who were newly initiated on elective PD between 1 June 2006 and 31 August 2010 at National University Hospital were eligible for inclusion in the study. Patients were included if they were aged ≥ 21 years, received PD as their first renal replacement therapy (RRT) modality and remained on PD throughout the follow-up period. All patients were followed up for one year from the date of elective PD initiation. Patients who switched RRT modality, withdrew from dialysis or underwent transplantation during the follow-up period were excluded.
The following information was collected from each patient: (a) baseline demographics, e.g. age at time of PD initiation, ethnicity, gender, smoking status, primary cause of end-stage renal disease (ESRD) and presence of comorbidities; (b) medications prescribed for CKD-MBD management; and (c) PD treatment modality, e.g. automated or continuous ambulatory PD. Baseline concentrations of the patients' serum ALP, haemoglobin and albumin were collected and reviewed. Serum calcium, phosphorus and i-PTH levels were measured at three time points: (a) baseline, or up to one month prior to PD initiation; (b) one month after PD initiation (i.e. during the first clinic visit); and (c) 4-6 months after PD initiation (i.e. during the second clinic visit). Dialysis adequacy, measured in terms of Kt/V urea per week, was determined one month after PD initiation. Data on the cause, frequency and duration of hospitalisation, presence of peritonitis or ESI, and survival status of the patient at the end of the one-year follow-up period was collected and reviewed.
The patients' serum calcium, phosphorus and i-PTH concentrations at the three time points were evaluated and compared to the CKD-MBD targets from the 2003 KDOQI (6) and 2009 KDIGO guidelines. (12) These parameters were evaluated individually and collectively, and classified as being 'at target' or 'not at target' based on the KDOQI and KDIGO recommendations. CKD-MBD prevalence was determined based on the presence of one or more abnormalities in the serum calcium, phosphorus or i-PTH levels. Parameters measured 4-6 months after PD initiation were used for data analysis. This time point was selected because CKD-MBD parameters may fluctuate during the initial period of dialysis; hence, initial measurements may not reflect the patient's bone mineral dynamics at steady state. (3) Patients were considered to have met the goal for PD adequacy if their total Kt/V urea (i.e. residual renal and PD Kt/V urea ) was at least 1.7 per week. (6, 13) In the present study, short-term mortality was defined as death from any cause within a year from the initiation of elective PD. Causes of mortality were divided into cardiovascular disease (i.e. death due to myocardial ischaemia or infarction, and cardiac failure or cardiac arrest due to unknown aetiologies), infection (e.g. death due to peritonitis, pneumonia, sepsis or catheter-related infections) and unknown (i.e. coroner's case). Reasons for hospitalisation were classified into cardiovascular disease (e.g. myocardial infarction, coronary artery disease, cardiac failure and hypertension), infection (e.g. peritonitis, urinary tract infections, pneumonia and gastroenteritis), catheter-related, fluid overload and electrolyte abnormalities. Information on the frequency and duration of hospitalisation was also collected.
All study variables were checked for normality using ShapiroWilk test. Continuous variables that were normally distributed were presented as mean ± standard deviation, while continuous variables that were not normally distributed were presented as median (range). Descriptive statistics were used to report the prevalence of CKD-MBD and the proportion of patients who achieved CKD-MBD targets.
PD patients who did and did not achieve the CKD-MBD targets were compared to find differences in the incidence of peritonitis or ESI and hospitalisation duration at one year; unadjusted analysis was carried out using Mann-Whitney U test and adjusted analysis was carried out using linear regression. Chi-square test was used to compare the mortality of patients who achieved the targets and those who did not; adjusted analyses for differences in mortality were conducted using logistic regression. Cox proportional hazards regression model was used to compare the time to death among patients who achieved the targets and those who did not. When appropriate, adjustments were made for age, gender, cause of ESRD, the total number of comorbidities, Kt/V urea , and levels of serum albumin, haemoglobin, ALP, baseline calcium, baseline phosphorus and baseline i-PTH. All statistical analyses were performed using IBM SPSS Statistics version 19.0 (IBM Corp, Armonk, NY, USA). A p-value < 0.05 was considered statistically significant. Table I . The median age of the 86 patients was 68 years and 65.1% of them were male. Diabetes mellitus was the leading cause of ESRD, followed by hypertension and glomerulonephritis. More than two-thirds of the patients had at least three comorbidities. At baseline, 84.9% and 41.9% of the patients were prescribed phosphate binders and vitamin D (or analogues of vitamin D), respectively. One month after the initiation of PD, 88.4% of the patients met the goal of minimal delivered dose for PD adequacy.
Based on the KDOQI targets, the prevalence of CKD-MBD in our patient cohort with elective PD (n = 86) was 67.4% at baseline, 79.1% at one month and 86.0% at 4-6 months (Fig. 2) . When KDIGO targets were used, the prevalence of CKD-MBD was consistently lower: 52.3% at baseline, 51.2% at one month and 54.7% at 4-6 months.
The proportions of patients who achieved the targets for calcium, phosphorus and i-PTH serum levels at one and 4-6 months are presented in Fig. 3 . At one month after PD initiation, 47.1% of the patients met the KDOQI target for serum calcium. At 4-6 months, this proportion increased to 51.5%. In comparison, more patients met the KDIGO target for serum calcium at the same time points (83.5% and 87.9%, respectively). A similar trend was observed among the patients who achieved target phosphorus serum levels; at both one month and 4-6 months, fewer patients achieved the KDOQI target (51.8% and 54.8%, respectively) than the KDIGO target (72.9% and 65.5%, respectively) for serum phosphorus. The majority of the patients failed to meet the KDOQI i-PTH serum target; the proportions who met the target were only 14.0% at one month and 22.6% at 4-6 months. A higher proportion of patients met the KDIGO i-PTH serum target at both one month (48.8%) and 4-6 months (54.7%). At one-year follow-up, the median number of hospitalised patients was one. Among the 86 patients, 43.0% were admitted on two or more occasions within the year. The most frequent noncardiovascular causes of hospitalisation were infection and fluid overload (Table II) . The patients were hospitalised for a median duration of five days per hospital stay. There was no significant difference in hospitalisation duration between the patients who achieved one or all CKD-MBD parameters and those who did not, at 4-6 months after PD initiation (Table III) . Likewise, there was no significant difference in the duration of hospitalisation related to cardiovascular diseases among those who achieved the CKD-MBD targets and those who did not. A total of 35 (40.7%) patients experienced at least one episode of peritonitis or ESI during the one-year follow-up period: 33 (38.4%) patients had peritonitis and 2 (2.3%) patients had ESIs, which is equivalent to an overall peritonitis rate of one per 19.2 patient-month and ESI rate of one per 343.9 patient-month. At one year, the incidence of peritonitis and ESI was significantly higher among the patients who failed to meet the KDIGO target for serum calcium at 4-6 months, after adjusting for age, gender, cause of ESRD, total number of comorbidities, Kt/V urea , and levels of serum albumin, haemoglobin, ALP and baseline calcium (adjusted regression coefficient [RC] 1.18, 95% confidence interval [CI] 0.17-2.18, p = 0.02) ( Table IV) . For patients who did not meet all of the KDIGO parameters, the median number of peritonitis episodes or ESI at one year was one, significantly higher than that of patients who met all of them (median = 0; p = 0.04). This finding was supported by the adjusted analysis, which found that patients who failed to achieve any of the CKD-MBD targets at 4-6 months were found to have significantly more peritonitis or ESI episodes at one year (RC 1.24, 95% CI 0.35-2.13, p = 0.01).
Among the 86 patients, 10 (11.6%) died during the oneyear follow-up period. Thus, the one-year patient survival in our cohort of incident, elective PD patients was 88.4%. The causes of death were cardiovascular disease (n = 3), infection (n = 4) and unknown (n = 3). The proportion of PD patients who achieved the KDOQI target for serum phosphorus and died during the one-year follow-up period was similar to that of patients who did not achieve the target (p = 0.46). A significantly lower proportion of patients who met the KDIGO target for serum phosphorus at 4-6 months died during the one-year follow-up period as compared to the proportion of patients who did not meet the target (unadjusted analysis, p = 0.02). However, after adjustment for confounders, this result was not statistically significant (p = 0.08). Time to death was significantly shorter among the PD patients who failed to meet the KDIGO target for serum phosphorus at 4-6 months (unadjusted hazard ratio [HR] 6.36, 95% CI 1.28-31.51, p = 0.02) in the unadjusted analysis. This difference was close to statistical significance after adjustments were made for confounders (adjusted HR 9.54, 95% CI 0.98-92.86, p = 0.05) (Fig. 4) .
DISCUSSION
The one-year mortality rate is consistently higher among PD patients than HD patients in Singapore; this may be due to the higher prevalence of significant comorbidities (e.g. ischaemic heart disease, cerebrovascular disease and peripheral vascular disease) among incident PD patients. (7) Studies have found that abnormal CKD-MBD parameters can affect all-cause mortality among patients on dialysis. (3) (4) (5) 14, 15) CKD-MBD is characterised by either one or a combination of the following items: (a) abnormalities in serum calcium, phosphorus or i-PTH levels, or vitamin D metabolism; (b) abnormalities in bone turnover, mineralisation, volume, linear growth or strength; and (c) the presence of vascular or other soft-tissue calcifications. (12) The complex relationship between abnormal CKD-MBD parameters and adverse clinical outcomes among incident PD patients has not been explored. Therefore, the present study was conducted to determine the prevalence of CKD-MBD among incident PD patients and examine the clinical associations of attaining the CKD-MBD targets proposed by the KDOQI and KDIGO.
In this study, the prevalence of CKD-MBD was 86.0% at 4-6 months when the parameters were evaluated using the KDOQI targets. This prevalence resembles those published in the literature. (14) (15) (16) The proportion of patients who met all of the KDOQI targets was higher in the present study (14.0%) than in studies conducted in the Netherlands (14) and Canada (16) (5.9% and 9.4%, respectively). The marginally improved control of CKD-MBD among our patients could indicate that they were more adherent and compliant to medications and/or dietary restrictions (although these were not specifically examined in the present study). Nevertheless, the results confirm the overall difficulty in optimising the CKD-MBD parameters of PD patients to fall within the desired KDOQI targets. At 4-6 months, the percentage of patients who achieved the KDOQI goals for calcium, phosphorus and i-PTH serum levels were 51.5%, 54.8% and 22.6%, respectively. This was similar to a study conducted in the United Kingdom, in which the percentage of patients (with incident PD or HD) who achieved the KDOQI goals for serum calcium, phosphorus and i-PTH levels were 46.0%, 54.0% and 27.0%, respectively. (11) One-third of the study population reached the primary endpoint of all-cause mortality at the end of the third year of follow-up.
To the best of our knowledge, the present study is the first local study that evaluated the attainment of CKD-MBD targets based on the more recent KDIGO recommendations. As there are no other studies evaluating whether attainment of the KDIGO targets affects the morbidity and mortality outcomes of incident PD patients, we were not able to conduct a comparative analysis. However, based on the findings of this study, achieving the KDIGO targets appears to have a positive impact on the morbidity and mortality of PD patients. Conversely, patients who met the KDOQI targets for one or all CKD-MBD parameters did not appear to have better short-term survival. Observational studies in recent years have not shown conclusive benefits from aggressive treatment to achieve the KDOQI targets in patients; this was also the case in our study. The lack of association between achievement of KDOQI targets and clinical outcomes suggests that the attainment of these targets may be a poor predictor of short-term clinical outcomes among the incident PD patient population.
In terms of the KDIGO targets, we did not find any significant difference in hospitalisation duration between the patients who achieved the targets and those who did not. However, the patients who met all the KDIGO parameters, or the serum calcium target, 4-6 months after PD initiation had significantly fewer episodes of peritonitis or ESI at one year. These results highlight the importance of achieving the KDIGO targets, as they could be associated with reduced infectious complications. Poorly controlled secondary hyperparathyroidism in CKD-MBD has been shown to play a pivotal role in the development of extraosseous calcifications in patients with peritonitis. (17, 18) Both vascular and peritoneal calcification are associated with high rates of peritonitis, although the attainment of serum calcium targets may be associated with a lower risk of such calcification. (19) Unfortunately, no assessment of peritoneal calcification or determination of the presence of vascular calcification was done in the present study. However, noncompliance to dietary phosphate restriction and measures to prevent peritonitis may confound the associations we observed. Moreover, peritonitis could have occurred independently of CKD-MBD, as our study cohort consisted of elderly patients with multiple comorbidities and a high prevalence of diabetes mellitus. (20, 21) Although there have been recent reports that active vitamin D use was associated with a significant reduction in the risk of peritonitis (22, 23) and longer duration of the first episode of peritonitis, (23) we did not observe any significant differences in the proportion of patients with or without peritonitis with respect to active vitamin D replacement (p = 0.85) or the type of phosphate binders administered (p = 0.83) in the present study.
We found that the PD patients who achieved the desired KDIGO target for phosphorus serum level at 4-6 months had a significantly longer time to death in the unadjusted analysis. Several other studies have also elucidated the increased risk of mortality associated with hyperphosphataemia. (3) (4) (5) 14) A recent meta-analysis by Palmer et al (15) found that for every 1 mg/dL (0.323 mmol/L) increase in serum phosphorus, the risk of death increased by 18.0% (relative risk 1.18, 95% CI 1.12-1.25). Inadequate phosphorus control can result in increased soft-tissue and cardiovascular calcification. (24) Vascular calcification is associated with adverse outcomes (e.g. myocardial infarction, stroke, and all-cause and cardiovascular mortality) among patients on dialysis. (24) The pathophysiological mechanisms by which hyperphosphataemia causes vascular calcification include: (a) induction of the transformation of contractile vascular smooth muscle cells to osteochondrogenic phenotypes; (b) promotion of mineralisation of the matrix of vascular smooth muscle cells; and (c) phosphorus-induced apoptosis of the matrix vesicles. (24) (25) (26) Although the statistical significance of the association between phosphorus control and mortality was lost after adjusting for confounders, the importance of this result should not be dismissed.
The observed mortality rate (11.6%) in the present study is lower than the one-year mortality rate reported by the SRR (7) and the United States Renal Data System (27) (19.8% and 15.0%, respectively). Given the progressive nature of vascular calcification, it is plausible that any detrimental effects of suboptimal MBD control on cardiovascular outcomes and mortality may not be elucidated until much later. This information might not have been captured in the present study, as its focus was on short-term outcomes (i.e. up to one year after PD initiation). Moreover, early and timely initiation of PD in our study cohort could have contributed to the better survival outcomes observed. There was no significant difference between the Kt/V urea and 24-hour urine volume at baseline and one year (baseline Kt/V urea : 2.8 ± 1.1 vs. one-year Kt/V urea : 2.5 ± 1.5; baseline urine volume: 468.8 ± 367.0 mL vs. one-year urine volume: 412.6 ± 513.8 mL). This suggests that any suboptimal MBD control, morbidity and mortality that we observed were not likely to be a result of inadequate dialysis or worsening residual renal function over time.
This study was not without limitations. Due to the small sample size and short follow-up period, we were not able to definitively prove any direct association between achieving CKD-MBD targets and one-year morbidity and mortality. However, our results suggest that the early achievement of optimal MBD control (based on the KDIGO recommendations) after the initiation of PD can potentially reduce the incidence of PD-associated complications such as peritonitis and ESI. Additionally, we determined the prevalence of CKD-MBD based on the presence of suboptimal serum calcium, phosphorus or i-PTH levels, without evaluating bone biopsies or the presence of vascular calcifications. Therefore, abnormalities in bone turnover or bone mineralisation that did not result in laboratory derangements could have been missed or excluded. As the present study is a single-centre study, the observations could also have been a reflection of the physicians' practice rather than a result of true associations between the parameters compared. Another potential drawback was the use of CKD-MBD parameters at a single time point, which may have resulted in certain causative events or factors (that could have led to patient morbidity or mortality) not being captured. In addition, 25-hydroxy vitamin D levels were not collected in the present study; hence, associations between vitamin D metabolism and morbidity or mortality could have been missed due to the small sample size of this study. Almost half of the i-PTH values of the patients were missing as well, making it difficult to accurately establish any relationship between i-PTH serum level and morbidity or mortality in our study cohort. Finally, the patients' compliance to PD, dietary restrictions and medications was not assessed in the present study.
In conclusion, there was a moderate (KDIGO) to high (KDOQI) prevalence of CKD-MBD among our incident, elective PD patients. Achievement of KDOQI targets was not associated with improved clinical outcomes in terms of hospitalisation duration, incidence of peritonitis or ESI, and mortality. This suggests that there is little short-term benefit to strict adherence to KDOQI guidelines. Conversely, we found that the attainment of KDIGO targets had a higher degree of association with improved short-term clinical outcomes. Thus, it may be prudent to channel more effort toward helping PD patients attain the KDIGO calcium serum target or all of its CKD-MBD targets, as this may help to reduce the incidence of peritonitis and ESI at one year after the initiation of PD. Attainment of the KDIGO phosphorus serum target may also improve the short-term survival of PD patients. Large prospective studies are needed to confirm the benefits of attaining the CKD-MBD targets proposed in the KDIGO guidelines, as well as its impact on the short-term survival rate of elective PD patients.
